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Abstract 
 

The paper improves the calculation methodology of metal temperature loss during hot rolling process at continuous mills. The proposed 
methodology can be implemented at hot strip mills with various in-line equipment arrangements within the temperature ranges appropri-
ate for processes simulation of hot rolling, normalized rolling and Thermo-Mechanical Control Process of carbon and microalloyed steels. 
It provides engineering analysis of unaccounted temperature losses of feed by means of radiation and convection, which, in the first time, 
through the time factor, additionally accounts for strip motion speed factors, roller table length and feed length, and also length of rolls 
contact arc with metal. The accountability of the above mentioned factors in the various compositions depending on the rolling method 
increases the engineering simulation accuracy, ensures the versatility of the elaborated method with respect to different types of mills and 
makes the scientific novelty of the study. The equations were developed to calculate the metal temperature loss while coiling at the Coil-

Box unit. The equations accounts for the influence on the temperature of strip length, coiling and uncoiling speed, strip thickness, inside 
radius of the reeling coil, the time the feed rests being coiled. The improved model was verified based on actual data. 
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1. Introduction 

Market requirements for expanding the range of hot-rolled coils is 
necessitate the development of new technologies applied to broad-
band (wide-strip) hot rolling mills. The typical examples of such 
hot strip rolling mills are technological plants 1680 of PJSC “Za-
porizhstal” (Zaporizhzhia, Ukraine) and 1700 of PJSC “Ilyich Iron 
and Steel Works of Mariupol” (Mariupol, Ukraine), working in 
METINVEST HOLDING Group. Designing of the technology 
before its implementation on existing equipment, the identification 

of problem areas and provision of occupational safety conditions 
for employees [1] is possible using of mathematical simulation 
tools of the processes an important component of which is the 
calculation of the temperature of rolling. The development of such 
a tool, taking into account the features of the equipment of the 
1680 and the 1700 rolling mills, will allow to evaluate their tech-
nical capabilities and expand the assortment, including those pro-
duced using the Thermo-Mechanical Control Process (ТМСР) 

technology. 
The simulation of the hot deformation temperature conditions has 
been extensively studied by the authors of [2–16]. The proposed 
solutions are aimed both at specific sets of rolling equipment, and 
laboratory samples of the mills. The universality of the existing 
mathematical models and the possibility of their application for 
the calculation of rolling plants with different composition of the 
basic technological equipment are remains questionable. 
The important point noted in works [2, 17, 18] is the need to ob-

tain accurate models for designing a controlled rolling technology 

for microalloyed steel grades. Also, the importance of accurate 
temperature determination was noted by the authors [3, 4, 15, 18–
21] in order to ensure the required cooling rate, structure, mechan-
ical properties and other quality characteristics of rolled products. 
It should be noted that in works [2–4, 8, 22, 23] the authors stud-
ied discrete deformation processes without reference to specific 
production complexes. At the same time, in [5], the authors pro-
pose calculations and justify the use of different designs of process 

equipment with the CoilBox unit, as well as with the induction 
furnace, which allows further increasing the temperature and re-
ducing the load on the rolling mill. Thus, in [10], the authors de-
scribe a method for calculating the temperature loss at the CoilBox 
unit that takes into account the loss at each turn. This method is of 
interest, however, the method itself or the dependence in the work 
are not given. It is also necessary to check the error obtained by 
using this method, since the total error of the model is more than 

6%. At the same time, the authors investigated the technology in a 
wide range of temperatures, including in the two-phase region, 
which makes it possible to apply the model for low-temperature 
controlled rolling processes. 
General accuracy of mathematical models developed by different 
scientists varies due to the different structure of models, approach-
es and methods of calculation. Thus, the authors of paper [9] pro-
posed an adapted method of calculation, which error does not 
exceed 3.4% for the stands, compared with the unadapted, which 

error was up to 6% from the actual data by the rolling force. In 
paper [10] the total error of the model is also determined by calcu-
lating the rolling force. 
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The authors of papers [4, 11, 24] proposed a temperature changing 
model, the error of which is defined in Celsius (ºC) or Kelvin (K) 
degrees. Thus, the temperature deviation in [4], determined by two 
methods, is 4.2°C, in [11] the temperature deviation on the surface 
of the two experimental sheets was from -20°C to +10°C and from 
+10°C to +30°C, respectively. 
In [13], the authors investigated the influence of velocity process-
es on the temperature drop along the strip length, taking into ac-

count the coiling at the CoilBox unit, but the dependence itself is 
not given. The authors assumed also that the temperature of the 
metal that is coiled does not change. At the same time, the de-
pendences for the determination of the temperature loss when 
looking at CoilBox, based on the differential equation of thermal 
conductivity, are given in [25]. These equations do not take into 
account the loss of temperature during coiling uncoiling, which 
limits their application. 

Thus, the existing dependencies and methods for calculating tem-
perature loss in CoilBox unit are simplified; they do not take into 
account some important factors and do not provide the necessary 
accuracy of calculations. The information available in the litera-
ture is not sufficient for a universal mathematical description of 
metal cooling processes in CoilBox unit. Calculations performed 
by engineering companies have limited access. The existing limi-
tations necessitate the development of dependencies for a wide 

application in engineering calculations of rolling temperature pro-
cesses in conjunction with CoilBox equipment. 
The relevance of these calculations is due to the use of CoilBox 
equipment at PJSC “Zaporizhstal”, as well as its installation dur-
ing the forthcoming renovation of the 1700 mill of PJSC “Ilyich 
Iron and Steel Works of Mariupol”. 

2. The purpose of the Work 

The purpose of the work is to refine the method for calculating the 
temperature loss of metal with using CoilBox equipment, taking 
into account the velocity factor of the strip, the length of the roller 
table and the length of the roll, applied to the conditions of hot 
strip rolling mills of the PJSC “Zaporizhstal” and PJSC “Ilyich 
Iron and Steel Works of Mariupol”. 

3. Methodology and Research 

A typical model for calculating hot rolling mills includes the fol-
lowing steps [6, 7]: 

1. Calculation of the dimensions of the initial workpiece, which 
includes calculation of the specific metal consumption for rolling, 
recalculation of the dimensions of the workpiece into the hot state; 

2. Calculation of energy-force parameters of rolling includes 
calculation of the rolling temperature conditions, coefficient of 
friction, actual strain resistance, strength and rolling moment; 

3. Calculation of speed rate of the rolling includes the calcula-
tion of the rolling time, depending on the type of speed rate, the 
rolling cycle; 

4. Calculation of the mean square torque of the motor consists 
of calculating the moments for each rolling cycle, the root mean 

square (rms) integral and the rolling mill motor power. 
The principles outlined in this calculation structure are universal 

and can be applied to simulating the technology in various hot 
rolling mills. In this paper the simulation features of hot rolling 
technology on continuous strip mills are considered using the 
example of the 1700 mill equipment of PJSC “Ilyich Iron and 
Steel Works of Mariupol”, taking into account the renovation 
project (positions 8 and 9), Fig. 1. A typical design of a continu-

ous hot rolling mill, using the example of the 1700 mill of PJSC 
“Ilyich Iron and Steel Works of Mariupol” is shown in Fig. 1. 

 

 

 

         1 2 3 4 5 6 7 

 
 

Fig. 1: The layout of the 1700 rolling mill main equipment: (1) a section 

of methodical furnaces; (2) a roughers (roughing stands group); (3) heat-

shielding screens; (4) flying shear; (5) finishers (finishing stands group); 

(6) accelerated cooling; (7) coilers; (8) reversing rougher; (9) CoilBox unit. 

 
The main technological equipment of continuous mills can consist 
of one or several universal reversing stands or a combination of 
reversing and non-reversing instead of an irreversible roughing 

group, intermediate coiling equipment such as CoilBox before the 
finishing group, other variants are also possible. 
Calculation of rolling temperature conditions takes into account 
the following factors [3, 4, 6-8, 11, 13, 19]: 

1. Reducing the feed temperature due to temperature loss by ra-
diation; 

2. Temperature loss by convection; 
3. Temperature loss due to contact of metal with rollers; 
4. Temperature drop due to temperature loss during the hydrau-

lic descaling; 
5. Increase in the feed temperature due to the energy of defor-

mation.  
In non-reversing stands of roughing and finishing groups, the total 
time spent on temperature loss by radiation and convection is de-
termined by the dependence: 
 

t  ,                                                                                   (1) 

 

where   is the time spent for rolling feed in the stand, sec; t  is 

the transporting time of the feed between the roughers, sec. 
When calculating the finishing group, in equation (1) the parame-

ter t  is replaced by 1t  – the transporting time of the feed be-

tween the finishers, sec; 
Wherein for the roughing group, where rolling is carried out suc-
cessively in each stand the time spent on rolling   is determined 

by calculating the speed rate of rolling [6, 7]. 
The transportation time of the feed between the roughers is deter-
mined by the dependence: 
 

  rrt ll   ,                                                                            (2) 

 

where r  is strip motion speed on a roller table, m/sec; rl  is roll-

er table length, m; l  is feed length, m, provided that llr  . 

For the finishing group, where rolling is carried out simultaneous-
ly in several stands, the time spent for rolling in the cage is con-
sidered by the equation: 
 

 1000 rollgl  ,                                                                     (3) 

 

where gl  is the contact arc length, mm; roll  is the rolling speed, 

m/sec. 
The time of transportation of the feed between the finishers is 
determined by the dependence: 
 

rollrt l  1 ,                                                                               (4) 

 
Calculation of the metal temperature loss during feed coiling at the 

CoilBox unit can be determined from Yu.V. Konovalov’s equa-
tion [7]: 
 

   ccuk htkt  
4

0 100273 ,                                                (5) 
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where ch  is the roll thickness, mm; 0t  is feed temperature when 

arriving at CoilBox unit, oС; c  is length of the procedures, sec; 

ukk  is the coefficient found by the graph [7]. 

Having transformed the graph [7] to determine the coefficient, we 
obtain the dependence, Fig. 2: 
 

   1000195.12ln0284.2 0  tkuk .                                            (6) 

 

 

Fig. 2: The dependence of the coefficient kuk on the pre-rolled metal  

temperature. 

 

Taking into account the dependence (6), the equation for calculat-

ing the temperature loss of the feed after the CoilBox unit is: 
 

     
4

00
1

100

273

1000

195.12ln0284.2 





tht
t cc .                      (7) 

 
The technological operation duration of coiling and uncoiling of 
the roll is defined as follows: 
 

    puwwс LL   10001000 ,                                      (8) 

 

where L is length of the feed, mm; w  is coiling speed, m/sec; 

uw  is uncoiling speed, m/sec; p  is time the coiled roll spends at 

the facility, sec.  
The roll thickness is determined from the equation: 
 

    BrRLBH 22
,                                                   (9) 

 

where LBH ,,  are thickness, width and length of coiled feed, mm; 

  is density of steel, 7.85 g/cm3; R  is the outer radius of the roll 

after coiling at the CoilBox unit, mm; r  is the inner radius of the 
roll, according to the facility characteristics, mm. 

After the transformation of equation (9), we obtain the dependence 
for determining the outer radius of the roll: 
 

  2rLHR   .                                                                  (10) 

 
Roll thickness obtained after coiling is calculated: 
 

  05.12 







 rrLHhc  .                                                (11) 

 
where 1.05 is coiling looseness ratio. 
Taking into account the dependences (8) and (11), the equation for 
calculating the temperature loss of the feed after the CoilBox unit 
turns into: 
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 . (12) 

It should be noted that the obtained dependence takes into account 
the temperature loss of the metal at steady state of a coiled roll. To 
account for additional temperature loss of the metal from unre-
corded factors (the influence of feed thickness, the temperature 
loss at the initial stage of coiling and at the end of uncoiling, the 
influence of “thermos” effect when the rolled products rests at 
coiled state), we processed the calculation data of "Primetals" 
company, Fig. 3. 

 

Fig. 3: The dependence of temperature losses on unaccounted factors,  

expressed through p. 

 
As a result of data processing, the following dependence was ob-
tained for determining the temperature loss from unrecorded fac-
tors: 

 

  694.76ln05.16  purt  .                                                   (13) 

 
Thus, taking into account dependence (13), the total temperature 
loss of the metal after the CoilBox unit is determined: 
 

urttt    1 ,                                                                        (14) 

 
Changes of the metal temperature at the CoilBox facility depend-

ing on the cooling time (speed change of coiling/uncoiling) and a 
formed roll thickness, all other things being equal, obtained using 
dependence (14) are shown in Fig. 4. 

 

Fig. 4: The dependences of temperature losses on the thickness of coiled 

roll (1) and cooling time (2). 

4. Results and Application 

The equations obtained (12-14) are applicable in the temperature 
range 700-1100 ºС, coiled metal cooling time on the facility being 
30sec to 1000sec, for carbon and microalloyed steels. To verify 

the results of calculations in other ranges, additional research is 
required. 
The verification of the dependence (14) was carried out on the 
data obtained by the authors of [4]. The deviation of the metal 
design temperature at the exit from CoilBox from the actual tem-

perature was -4.2% to -6.4%, Table 1 (in Table 1 ttt  01  is 

metal temperature at the exit from the CoilBox, oC). 
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The deviations obtained may be due to the lack of information on 
additional loss factors and the location of pyrometers for tempera-
ture measurements.  
 
Table 1: Checking the dependence for determining the metal temperature 

loss at coiling at the CoilBox unit 

*r, mm 700 700 700 

t0, 
o
С 1096 1018 1053 

L, mm 64558 243417 228437 

υw, m/sec 2.2 6.5 6.5 

υuw, m/sec 1.79 6.25 6.25 

p, sec 70 70 70 

H, mm 23 6.1 6.5 

t1 (actual), 
o
С 992 942 965 

hc, mm 295.2 295.2 295.2 

ΔtΣ (actual), 
o
С 104.0 76.0 88.0 

c, sec 135.4 146.4 141.7 

ΔtΣ (design), 
o
С 41.0 36.4 38.6 

t1 (design), 
o
С 1055.0 981.6 1014.4 

Δ, % -6.4 -4.2 -5.1 

* data not available in [5], were adopted according to the characteristics of 

similar equipment at PJSC “Zaporizhstal”. 

 
Also, the verification was performed on the calculation data of 
"Primetals" company. The deviation of the metal temperature at 
the exit from the CoilBox, determined from dependence (14), on 
the calculation data of "Primetals" company was from -0.91% up 
to 0.39%. The standard deviation was 2.95°C. 
Checking the accuracy of calculating the rolling temperature con-
ditions with the equations (1–4) is performed on a mathematical 

model [5], adapted for the conditions of the continuous hot strip 
(broadband) rolling mill 1700 of PJSC “Ilyich Iron and Steel 
Works of Mariupol”, Table 2 (in Table 2 t1 is the feed temperature 
after rolling in the corresponding rolling stand). 

 

Table 2: Checking the calculation of rolling temperature conditions 

Parameter 

Roughing 

group 
Finishing group 

Rolling stand No.  

4а 6 7 8 9 

t1  

(design),  
o
С 

1068 972 932 885 854 

t1  

(actual),  
o
С 

1075 963 921 874 845 

Δ,  

% 
-0.66 0.89 1.19 1.21 1.1 

The deviations of the design temperatures of the feed from the 
actual ones in the roughing stand 4a and in the finishing stands 6-9, 

according to the results of hot-rolled coils of the size 
1.2x1000 mm from the 08pc steel grade in accordance with 
GOST 9045 (analogue DC01 to EN 10130), melting No.262753-3 
amounted from -0.66% to 1.21%. 
Thus, the accuracy of the improved calculation of the rolling tem-
perature conditions, including using CoilBox equipment, allows it 
to be used in the design of TMCP technology. 

5. Conclusions  

In this paper, the specifics of calculating the time spent on temper-
ature loss by radiation and convection on continuous hot strip 
rolling mills, successive or simultaneous in several stands are 
refined. The error in calculating the rolling temperature conditions 

on the basis of the actual data for the 1700 hot rolling (broadband) 
mill of PJSC “Ilyich Iron and Steel Works of Mariupol” (Mariupol, 
Ukraine) was from -0.66% to 1.2%.  
A dependence has been developed to determine the temperature 
loss of the feed when coiling at the CoilBox unit, which accounts 
for the influence of coiling and uncoiling speed, the time the feed 
rests being coiled, and additional losses, such as the influence of 
the strip thickness, the metal temperature loss at the initial stage of 

coiling and at the end of the uncoiling, the “thermos” effect when 
resting the rolled product in coiled state. The error of the proposed 
dependence was verified on various data and ranged from  
-0.91%/0.39% to -4.2%/-6.4%. 
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